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NATIONAL AEBONAUTICS AND SPACE ADMINISTRATION 

TECHNICAL MEMORANDUM X-744 

LOW-SPEED LONGITUDINAL STABIUTY CHARACTERISTICS OF A 

SUPERSONIC TRANSPORT CONFIGURATION WITH VARIABU-SWEEP 

WINGS EMPLOYING A D0UBL;E INBOARD PIVOT* 

By W i l l i a m  P. Henderson 

The inves t iga t ion  w a s  made i n  t h e  Langley high-speed 7- by 10-foot tunnel.  

The t e s t  Reynolds number, based on t h e  mean aerody- 
Tests  were m a d e  at a dynamic pressure of 100 pounds per  square foot  and a t  angles 
of a t tack  from - 2 O  t o  240. 
namic chord, w a s  2.04 x 106. 
and engine arrangements on t h e  longi tudinal  aerodynamic charac te r i s t ics  a r e  pre- 
sented. 
-is a l so  presented. 

The e f f e c t s  of canard, horizontal  tails, wing sweep, 

The e f f e c t  of adding f ixed area (fore  w i n g s )  t o  t h e  3 5 O  sweptback w i n g  

* T i t l e ,  Unclassified.  
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TECHNICAL MEMOFUNDUM X-744 

LOW-SPEED LONGITUDINAL STABILITY CHARACTERISTICS OF A 

SUPERSONIC TRANSPORT CONFIGURATION WITH VARIABLE- SWEEP 

WINGS EMPLOYING A DOUBLE INBOARD PIVOT* 

By W i l l i a m  P. Henderson 

An invest igat ion w a s  made i n  t h e  Langley high-speed 7- by 10-foot tunnel  t o  
determine the  e f f ec t  of a double-inboard-pivot variable-sweep wing on t h e  low- 
speed longi tudinal  s t a b i l i t y  Characterist ics of a supersonic commercial air  t rans-  
port (SCAT 12-B) configuration. 
angles of at tack from -20 t o  24O. 
Xerodynamic chord, i s  2.04 x lo6. 

Tests were made at a Mach number of 0.267 and at 
The tes t  Reynolds number, based on t h e  mean 

The r e su l t s  indicate  t h a t  there  i s  essent ia l ly  no change i n  t h e  s t a b i l i t y  
l e v e l  of t h e  3 5 O  and 750 sweptback-wing posi t ions.  
b i l i t y  l e v e l  of t he  3 5 O  sweptback wing at a Mach number of 0.267 and t h a t  of t h e  
7 5 O  sweptback wing at a Mach number of 2.86 i s  7.9 percent of t he  mean aerody- 
namic chord. 
less when t h e  fo re  w i n g  i s  re t rac ted  in to  t h e  fuselage than when t h e  fore  wing 
remains i n  t h e  extended posit ion,  as the main w i n g  i s  swept forward from t h e  75' 
t o  t h e  35' sweptback posit ions.  
wing panel of t h e  configuration with the  wing i n  t h e  35' sweptback posi t ion leads 
t o  acceptable pitching-moment var ia t ions with angle of  a t tack.  

The change between t h e  sta- 

The s t a t i c  margin i s  6.5 percent of  t h e  mean aerodynamic chord 

The addition o f  a chord extension t o  the  main- 

INTRODUCTION 

The National Aeronautics and Space Administration i s  studying t h e  aerody- 
namic cha rac t e r i s t i c s  of configurations t h a t  may be su i tab le  f o r  supersonic t rans-  
port  designs. (For example, see refs. 1 $0 9. )  It has been shown t h a t  reasonable 
range capab i l i t i e s  can be obtained i n  t h e  supersonic cruise  condition by a con- 
f igu ra t ion  u t i l i z i n g  a highly swept o r  t h i n  low-aspect-ratio wing ( r e f s .  4 and 6 ) .  
However, these types of configuration have geometrical charac te r i s t ics  t h a t  are 
not compatible with those needed f o r  e f f i c i en t  subsonic f l i g h t  charac te r i s t ics .  
I n  order t o  obtain a configuration t h a t  has e f f i c i en t  aerodynamic charac te r i s t ics  
throughout t h e  f l i g h t  regime, some method of varying t h e  geometry of the  wing i s  
required. One such method of obtaining variable geometry i s  t o  provide a con- 
f igu ra t ion  whose wing leading-edge sweep angle may be varied i n  f l i g h t .  This 
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method would provide t h e  configuration w i t %  *a h:gh-aspect-ratio low-sweep wing 
f o r  t h e  subsonic port ion of t h e  f l i g h t  and a low-aspect-ratio highly swept wing 
f o r  t he  supersonic portion of t h e  f l i g h t .  

.I 

One of t he  major aerodynamic problems associated w i t h  variable-sweep wings 
i s  t h a t * o f  reducing the  var ia t ion  of longi tudinal  s t a b i l i t y  w i t h  wing sweep. One 
so lu t ion  is  t h e  use of an outboard pivot locat ion ( r e f s .  10 and 11) which, i f  
properly chosen, can e s sen t i a l ly  eliminate the  aerodynamic-center s h i f t .  Another 
type of pivot arrangement u t i l i z e d  on the  wing of an at tack-airplane configuration 
has been t e s t ed  at  subsonic and supersonic speeds, ~ i r  i i ~ e  results are  prcscr,tcd 
i n  reference 12. 
inboard-pivot variable-sweep w i n g .  
located within the  fuselage are u t i l i z e d  f o r  each wing panel. 
t h e  main wing and the  second i s  f o r  an extendible f o r e  wing. 
type .of  arrangement i s  t o  take  advantage of t he  fuselage depth f o r  housing t h e  
pivot  (from s t ruc tu ra l  considerations) while s t i l l  reducing t h e  va r i a t ion  of aero- 
dynamic center with wing-sweep angle, and t o  avoid the  discontinuous ( o r  broken) 
wing leading edges at designated sweep angles. The aerodynamic-center s h i f t  f o r  
t h i s  type of configuration i s  controlled by having the  f o r e  wing housed i n  the  
fuselage when t h e  main w i n g  i s  i n  i t s  low-sweep pos i t ion  and, as the  main wing i s  
swept backward, t h e  fore  w i n g  i s  extended outward becoming t h e  forward port ion of 
t he  wing. 

This wing and pivot arrangement i s  referred t o  as a double- 
For t h i s  type of wing, two pivot mechanisms 

One pivot i s  f o r  
The purpose of t h i s  

The purpose of t h i s  paper, i n  view of t he  favorable r e s u l t s  obtained on the  
attack-airplane configuration of reference 12, i s  t o  present t h e  e f f e c t  of a 
double-inboard-pivot variable-sweep wing on t h e  s t a b i l i t y  cha rac t e r i s t i c s  of a 
t ranspor t  configuration. This invest igat ion w a s  made i n  t h e  Langley high-speed 
7- by 10-foot tunnel  a t  a Mach number of 0.267. The inves t iga t ion  of t h i s  con- 
f igurat ion has been extended t o  supersonic speeds and t h e  r e s u l t s  are presented 
i n  reference 13. 

The forces  and moments measured on the configuration are presented about t he  
wind-axis system. 
f igure  1. All coef f ic ien ts  a r e  based on t h e  geometric cha rac t e r i s t i c s  associated 
with t h e  maximum sweep condition. The center  of grav i ty  i s  located at 60.40 per- 
cent of the body length, as shown i n  f igu re  2. 

The pos i t ive  d i r ec t ion  of t h e  force  and moments i s  shown i n  

CL 
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'D, min 

Cm 

dynamic pressure, lb /sq  f t  

wing reference area, 1.285 sq f t  

area of fore  w i n g  

m e a n  aerodynamic chord, 1.149 f t  

l o c a l  wing chord, f t  

wing span, f t  

angle of attack, measured from fuselage reference l ine ,  deg 

main-wing leading-edge sweep angle, deg 

hor izonta l - ta i l  incidence angle (posi t ive nose up) , deg 

hor izonta l - ta i l  anhedral angle (posi t ive t i p  down), deg 

canard def lect ion angle (pos i t ive  nose up), deg 

l i f t -curve  slope, per  deg 

minimum drag coeff ic ient  

s t a t i c  margin, percent 5 

maximum l i f t - d r a g  r a t i o  

Model components: 

C canard 

E engine pack 

F fuselage 

H ho r i zon ta l - t a i l  surface 

N nacel les  

V v e r t i c a l - t a i l  surface 

W w i n g  
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D r a w i n g s  of configurations t e s t ed  are  shown i n  f igure 2. Two types of engine I 

arrangements were t e s t ed  on t h i s  configuration. The f i r s t  w a s  an engine pack 
mounted under and a t  t he  r ea r  of t h e  fuselage, as shown i n  f igure  2 (a ) .  This 
engine pack had no provision f o r  airflow through it. The second engine arrange- 
ment consisted of four nacelles, two mounted on the  v e r t i c a l  tail and two mounted 
from pylons under the  fuselage, as shown i n  f igure  2(b) .  
pack and nacelles a re  shown i n  f igure  2(c) .  

Detai ls  of t he  engine 

Dimepions of t h e  basic  model components and those f o r  t h e  wing at sweep 
angles of 7 5 O ,  60°, 4 5 O ,  and 35’ are  given i n  t ab le  I. 
configuration has two pivot locat ions f o r  each wing panel, one f o r  t he  main wing 
and t h e  second f o r  t he  extendible fo re  w i n g .  
sweep position, t h e  fore  wing i s  extended outward t o  i t s  maximum posit ion.  Then 
as t h e  m a i n  wing i s  swept forward, t he  fore  wing i s  re t rac ted  in to  the  fuselage. 
The pivot fo r  the  main w i n g  i s  located at approximate1 58.2 percent of t he  body 
length and 15.7 percent of t he  wing semispan i n  the  75 sweepback posi t ion.  The 
wing employs an NACA 6 5 1 ~ ~ 1 2  a i r f o i l  section normal t o  the  leading edge at the  wing 
root and an NACA 63A009 a i r f o i l  sect ion normal t o  t h e  leading edge at the  wing t i p .  

The wing u t i l i z e d  i n  t h i s  

When t h e  main wlng i s  i n  i t s  maximum 

The canard i s  a 1/16-inch f l a t  p l a t e  with beveled leading and t r a i l i n g  edges. 
The horizontal  and v e r t i c a l  tai ls  are  iden t i ca l  i n  planform and employ an 
NACA 63~002  a i r f o i l  sect ion i n  the  streamwise d i rec t ion .  
of t he  horizontal  t a i l s  i s  0.4 inch (O.02g’C) below the  fuselage reference l i n e  
when t h e  nacelles are used. When the  engine pack arrangement i s  used, t he  hori-  
zontal  ta i ls  are mounted on t h e  s ides  of t he  engine pack 2.63 inches (0.lglE) 
below t h e  fuselage reference l i n e .  

The v e r t i c a l  posi t ion 

The chord extension shown i n  f igure  2(a)  extended from 0.53b/2 of t h e  main- 
w i n g  panel of t he  configuration with the  wing i n  t h e  3 5 O  sweptback pos i t ion  t o  
t h e  w i n g  t ip ,  had a chord of 0 . 0 9 0 ~  at 0.53b/2 and 0 . 1 2 8 ~  at  the  wing t i p ,  and 
w a s  deflected i n  a nose-down direct ion.  

A f e w  wind-tunnel tests were made t o  determine t h e  e f f ec t  of fore-wing area 
added t o  the 3 5 O  sweptback w i n g .  
31.4 percent of t h e  reference area. 
f igure  3 .  

These fore  w i n g s  had an area of 21.0 and 
Detai ls  of t he  f o r e  w i n g s  are shown i n  

TESTS AND CORRECTIONS 

The investigation w a s  made i n  t h e  Langley high-speed 7- by 10-foot tunnel  at 
a Mach number of 0.267, which corresponds t o  a dynamic pressure of 100 pounds per 
square foot  and a Reynolds number, based on ‘c of t h e  750 sweptback w i n g ,  of 
2.04 x lo6. 

4 

L i f t ,  drag, and pitching moment were measured through an angle-of-attack 
range of - 2 O  t o  24O.. Transit ion Str ips ,  1/8 inch wide, of No. 100 carborundum 
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...... ..... . . . . .  ......... 
g r i t  were placed along t h e  5-percent-chord l i n e  of t h e  w i n g  and t a i l  surfaces and 
at 5 percent of t h e  fuselage length of a l l  configurations except the  configura- 

I t i ons  f o r  which t h e  area of t h e  fore  wing was varied.  
I 

The angle of a t tack  w a s  corrected f o r  def lect ion of t h e  sting-support system 
The drag data were corrected t o  correspond t o  a pressure at t h e  base under load. 

of t h e  fuselage equal t o  t h e  free-stream s t a t i c  pressure. 
age corrections were considered negligible.  A drag coeff ic ient  of 0.0021 w a s  
subtracted f r o m  t h e  data  of t h e  configuration with t h e  four  nacelles.  This drag 
coeff ic ient  corresponds t o  t h e  theo re t i ca l  i n t e rna l  skin-fr ic t ion drag of t h e  four  
nacelles.  

Jet-boundary and block- 

PRFSENTAI'ION OF DATA 

The basic da ta  a re  presented i n  f igures  4 t o  15 and some of t h e  more p e r t i -  
nent results are compared and summariz'ed i n  f igures  16 t o  24. 
locat ing a pa r t i cu la r  port ion of t h e  data, the  following out l ine  of t h e  content 
of t h e  da t a  f igures  i s  presented: 

A s  an aid i n  

Effect  of w i n g  leading-edge sweep angle on longi tudinal  aero- 
dynamic charac te r i s t ics  of following configurations: 
WFVHCE; 6, = 00; it = 0'; rt = 0' . . . . . . . . . . . . . . . . .  
WEW; it = 00; rt = 00 

W c ;  6, = 00; it = 00; rt = 00 

WFVCE;*6c = 00 . . . . . . . . . . . . . . . . . . . . . . . . . .  
WFVHCN; 6, = Oo; it = Oo; Ft = Oo . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  

Effect of ho r i zon ta l - t a i l  incidence on longitudinal aerodynamic char- 
a c t e r i s t i c s  of WFVHCE configuration f o r  - 
h = 3 5  o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A = 7 5  O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

i s t i c s  of WFVHCE configuration (it = 00; rt = O o )  f o r  - 
h = 3 5  O . . . . . . . . . . . . . . . . . . . . . ' . . . . . . . . .  

A = 7 5  O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

cha rac t e r i s t i c s  of WFVHCE configuration with chord extension on 
main wing. 6, = 00; it = oO; rt = Oo . . . . . . . . . . . . . . . .  

Effect of wing leading-edge sweep angle on longi tudinal  aerodynamic 
cha rac t e r i s t i c s  of WFVIICE configuration with horizontal  t a i l  s e t  
at rt = loo. 6, = 00; it = 00 . . . . . . . . . . . . . . . . . .  

Effect of canard def lect ion on longitudinal aerodynamic character- 

Effect of wing leading-edge sweep angle on longi tudinal  aerodynamic 

Figure 

. .  4 
5 . .  6 
7 

. .  

. .  

. .  a 

. .  9 . .  10 

. .  11 . .  12 

. . 13 

. . 14 
Effect of wing leading-edge sweep angle on longi tudinal  aerodynamic 

cha rac t e r i s t i c s  of WFVHCE configuration with chord extension on 
main wing and horizontal  t a i l  set a t  rt = 10'. E C  = 0'; 
i t = O O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
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Effec ts  of engine pack, t a i l  anhedral, and chord extension on 
pitching-moment charac te r i s t ics  of WFVHC configuration 
(it = 00; Sc = 0 0 )  f o r  - 
A = 3 3  O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A = 7 5  O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Summary of longitudinal aerodynamic charac te r i s t ics  of WFVH configura- 
t i o n  with and without canard. it = 0' . . . . . . . . . . . . . . .  

Summary of longitudinal aerodynamic charac te r i s t ics  of WFVCE configura- 

ComparisQn of engine arrangements on longitudinal aerodynamic charac- 

Effect  of addition of fo re  wings on longi tudinal  aerodynamic charac- 

Effect of addition of fo re  wings on pitching-moment charac te r i s t ics  

A:^-. -2L-L -....a - - .Al . . - - .L  l . . - - 2 - - - L - l  . I - - 2 1  n0 
b I U 1 1  W I b l l  a1u W I b l l U U b  l l U l I L . U l l b t L I  b a l l .  8c - u . . . . . . . . . . .  
t e r i s t i c s  of WFVHC configuration. 6, = 00; it = 0' . . . . . . . . .  
t e r i s t i c s  of WF configuration with 3 5 O  sweptback wing . . . . . . . . . .  
of WF configuration with 3 5 O  sweptback wing. 
t ransfer red  t o  same s t a b i l i t y  l e v e l  . . . . . . . . . . . . . . . . .  
t e r i s t i c s  of WF configuration with 35' sweptback wing . . . . . . . .  
sweep f o r  WFVR configuration . . . . . . . . . . . . . . . . . . . .  

A l l  configurations 

Summary of e f f ec t  of fo re  w i n g s  on longi tudinal  aerodynamic charac- 

Effect of fore  w i n g s  on longi tudina l -s tab i l i ty  var ia t ion  with wing 

Figure 

16 
* 17 

. 18 

20 

21 

22 

23 

. 24 - 

I DISCUSSION 

A comparison of t he  e f f ec t  of various modifications made t o  t he  complete 
configuration on t h e  pitching-moment var ia t ion  with angle of attack and lift coef- 
f i c i e n t  i s  shown f o r  t h e  3 5 O  sweptback wing i n  f igure  16. 
a r a the r  severe i n s t a b i l i t y  occurs at low t o  moderate angles of a t tack  f o r  t he  
configuration with the  engine pack off  and t h e  canard and horizontal  t a i l  on. 
The addition of the  engine pack, which allowed the  horizontal  t a i l  t o  be lowered 
t o  a posi t ion 0.191; below t h e  fuselage reference l i ne ,  had only a s l i g h t  e f f ec t  
on t h e  pitching-moment var ia t ion  with angle of attack. By s e t t i n g  t h e  horizontal  
tail at an anhedral angle of loo, t h e  pitching-moment va r i a t ion  w i t h  angle of 
a t tack  w a s  somewhat more l i n e a r  although the  i n s t a b i l i t y  w a s  not eliminated. The 
addi t ion of t h e  chord extension t o  t h e  main-wing panel, however, l e d  t o  acceptable 
pitching-moment var ia t ions w i t h  angle of a t tack  regardless  of t h e  ho r i zon ta l - t a i l  
anhedral angle. 
moment var ia t ion with angle of a t tack  f o r  t h e  configuration i n  t h e  7 5 O  sweepback 
pos i t ion  is shown i n  f igure  17. These data indica te  t h a t  none of t h e  aforemen- 
t ioned modifications l e d  t o  sa t i s f ac to ry  pitching-moment var ia t ion  with angle of 
a t tack.  However, it i s  believed tha t  w i t h  slight modifications t h e  pitching- 
moment var ia t ion with angle of attack could be made acceptable f o r  an emergency 
landing condition when t h e  angle of sweep cannot be decreased because of a 
malf'unct ion. * 

These data show tha t  

A comparison of t h e  e f f ec t  of these  modifications on the  pitching- 

A summary of t h e  longi tudinal  aerodynamic cha rac t e r i s t i c s  of t he  configura- 
t i o n  with and without the  canard i s  shown i n  f igu re  18. 
f o r  the  configuration without t h e  canard, t h e  750 sweptback wing i s  5 .2  percent 5 

These data indica te  tha t ,  " 
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. more s tab le  than the  3 5 O  sweptback wing. However, by t h e  addition of the  canard, 
t h i s  difference between t h e  s t a b i l i t y  l e v e l  of the  35' sweptback wing can essen- 
t i a l l y  be eliminated. 

t h e  remainder of the discussion w i l l  be based on t h e  configuration w i t h  the  canard 
on. 

Thus, because of t h i s  desirable  e f f ec t  of there being 
- e s s e n t i a l l y  no s tabi l i ty  difference f o r  t h e  two wing leading-edge sweep angles, 

A summary of t h e  longi tudinal  aerodynamic charac te r i s t ics  of the  configura- 
These data  f o r  t i o n  with and without t h e  horizontal  t a i l  i s  shown i n  f igure  19. 

t h e  configuration with t h e  canard and hor izonta l - ta i l  surfaces indicate  that 
although the  s t a b i l i t y  l e v e l  f o r  the 35' and 75' sweptback wings i s  essent ia l ly  
t h e  same, t h e  overa l l  s t a b i l i t y  var ia t ion  w i t h  w i n g  sweep i s  11.1 percent 5, with 
the  m a x i m u m  s t a b i l i t y  l e v e l  occurring f o r  t he  60° sweptback w i n g .  Also shown i n  
t h i s  f igure  i s  t h e  s t a b i l i t y  l e v e l  occurring a t  a Mach number of 2.86 (taken from 
ref. l 3 ) .  The change between the  s t a b i l i t y  l eve l  of t h e  3 5 O  sweptback wing at a 
Mach number of 0.267 and t h a t  of t h e  7 5 O  sweptback w i n g  at a Mach number of 2.86 
i s  7.9 percent E .  These da ta  a lso show t h a t  removing t h e  horizontal  t a i l  not only 
decreases t h e  s t a b i l i t y  l e v e l  of t h e  configuration as expected, but a l so  reverses 
the  s t a b i l i t y  l e v e l  at the  w i n g  sweep angles o f  35' and 75O;  tha t  is, t h e  75' 
sweptback w i n g  i s  now approximately 4 percent 'r less stable than t h e  3 5 O  sweptback 
w i n g .  By taking i n t o  consideration changes i n  the  area of t h e  fo re  wing, t h e  

improvements i n  t h e  s t a b i l i t y  var ia t ion  with wing leading-edge sweep angle and 
"pivot location, and t h e  r e l a t i v e  motion between the  fo re  w i n g  and t h e  main w i n g ,  

-Mach number may be obtained. 

Summary data  comparing nacel les  and engine pack arrangements a re  presented 
i n  f igure  20. 
Of maximum untrimmed l i f t -d rag  r a t io .  

The configuration u t i l i z i n g  the four  nacel les  had t h e  lower values 

I n  order t o  determine t h e  degree t o  which the double inboard pivot controls 
the  s t a b i l i t y  var ia t ion  with w i n g  sweep, two fore  w i n g s  of d i f fe ren t  areas were 
added ahead of t he  350 sweptback w i n g  as shown i n  f igu re  3. 
addi t ion of these f o r e  w i n g s  on t h e  longitudinal aerodynamic charac te r i s t ics  i s  
shown i n  f igu re  21. The da ta  ind ica te  t h a t  small changes i n  t h e  l i f t  coeff ic ient  
a r e  obtained up t o  an angle of a t tack  of about 8O;  above t h i s  angle of attack, 
l a rge  increments i n  l i f t  coeff ic ient  are obtained. This increase i n  l i f t  coef- 
f i c i e n t  at t h e  higher angles of a t tack i s  due primarily t o  the nonlinear l i f t -  
curve slopes exhibited by these f o r e  wings. The e f f e c t  of these fore  w i n g s  on t h e  
va r i a t ion  of t h e  pitching-moment coefficient with angle of a t tack  i s  shown i n  f ig -  
ure  22. 
s t a b i l i t y  l e v e l  through zero l i f t  coefficient,  show t h a t  t h e  l a rge r  the  area of the 
t h e  fo re  wing t h e  more nonlinear i s  the  var ia t ion of pitching-moment coeff ic ient  
with angle of a t tack.  Although l a rge  increases i n  t h e  l i f t  coeff ic ient  a t  t he  
higher angles of a t tack can be obtained by the addi t ion of these fo re  wings, f i g -  
ure  23 shows tha t  t he re  a l s o  w i l l  be an accompanying increase i n  t h e  minimum drag, 
a decrease i n  t h e  m a x i m u m  untrimmed l i f t -d rag  r a t io ,  and a forward movement of 
t h e  aerodynamic center.  

The ef fec t  of  t he  

These data, which have a l l  been t ransferred t o  approximately t h e  same 

A port ion of t h e  da t a  obtained i n  th i s  fore-wing invest igat ion w a s  applied t o  
t h e  configuration (without t h e  canard), shown i n  f igu re  2(a),  and i s  presented i n  
figure 24. This f igure shows t h e  var ia t ion  of the s t a t i c  margin with wing sweep 
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f o r  t h e  configuration when the fore  wing i s  retracted in to  the fuselage and f o r  
the  configuration when the  fore  wing remains i n  the extended position as the main' 
wing i s  swept forward. The Pore-wing area i s  27 percent of the reference area. 
These data indicate tha t  a decrease of 6.3 percent C can be obtained i n  the  s t a t i c  
margin by retract ing t h i s  fore wing in to  the fuselage as the  main wing i s  swept 
forward from the 7 5 O  t o  t he  3 5 O  sweptback position. 

SUMMARY OF RESULTS 

A n  investigation t o  determine the effect  of a double-inboard-pivot variable- 
sweep wing on the low-speed longitudinal s t a b i l i t y  character is t ics  of a supersonic 
transport model configuration indicates the following resul ts :  

1. There i s  essent ia l ly  no change i n  the s t a b i l i t y  leve l  of the 3 5 O  and 75' 
sweptback wing positions. 
back wing a t  a Mach number of 0.267 and t ha t  of the  7 5 O  sweptback wing at a Mach 
number of 2.86 i s  7.9 percent of the  mean aerodynamic chord. 

The change between the  s t a b i l i t y  l eve l  of the 3 5 O  swept- 

2. The s t a t i c  margin i s  6.5 percent of the  mean aerodynamic chord l e s s  when 
the fore  wing i s  retracted in to  the  f'uselage than when the fore  wing remains i n  
the  extended position, as the main wing is swept forward from the 7 5 O  t o  the  3 5 O  
sweptback positions. 

- 

3 .  The addition of the chord extension t o  the main-wing panel of the con- 
figuration with the wing i n  the  3 5 O  sweptback posit ion leads t o  acceptable 
pitching-moment variations with angle of attack. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., September 19, 1962. 
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